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(54) PRIMER COMPOSITION 

(57) Provided is a primer corrposition which gives a 
cured film having a high refractive index and inpact 
resistance, the primer composition containing, as main 
film-lbrming components, a bromine compound con- 
taining a unit derived from tetrabromobispherol A and a 
polyisocyanate, or a prepolymer obtained by reacting 
them. 
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Description 

Technical Field 

5 The present invention relates to a primer composition. More specifically, it relates to a primer composition which 

gives a cured film having a high refractive index and impact resistance. 

Technical Background 

10 Being susceptible to damage, most plastic lenses are provided with hard coating(s) by applying a silicon-containing 
primer or other hard-coating primer to their surface(s) and curing the primer with ultraviolet light. 

Further, plastic lenses are sometimes coated with anti -reflection films formed by vapor deposition of an inorganic 
substance on their surface for preventing surface reflection. However, these lenses have low impact resistance and 
have a defect that they break in a falling ball test (FDA standards, U.S. A). 
75 For overcoming the above problem, there is a technique of interposing a primer layer formed of a urethane resin 
between a plastic lens sul>strale and a hard coating (see JP-A-5-25299). 

Meanwhile, plastic lenses whose thickness can be decreased and whose lens substrate has a high refractive index, 
specifically a refractive index of 1 .54 to 1 .67. are widely available in recent years. 

A silicon-containing hard coating generally has a refractive index of between 1 .40 and 1 .50. but since it is usual that 
20 the hard coating is coated by dip coating, a non-uniformity is caused in a coating thickness and difference in the coating 
thickness is liable to appear as interference fringes. 

For overcoming the above problem, a hard coating having a high refractive index has been developed (see JP-A- 
5-21 02, JP-A-5-1 64902 and JP-B-6-1 02776). 

However, although the interference fringes can be decreased by forming a hard coating having a high refractive 
25 index directly on a lens substrate having a high refractive index, there is a defect that when an anti-reflection film is fur- 
ther formed thereon, the impact resistance of the lens decreases. 

The lens can be improved in impact resistance by forming the above primer layer formed of a urethane resin, but 
there is another defect that interference fringes occur in this case because the primer layer has a refractive index of 1 50 
to 1.52. 

30 Recently, the following four laid-open publications disclose primers which improve a lens in impact resistance and 

also give a cured film having a high refractive index. 

JP-A-4-366801 discloses a plastic lens obtained by laminating a primer layer and a hard coating layer, which satisfy 

the following two formulae, and a mono- or multi-layered anti-reflection layer formed by vapor deposition of an inorganic 

substance on the surface of a plastic lens substrate having a refractive index ns of 1,50 to 1.70 consecutively in the 
35 above order, the said primer layer being a polyurethane containing at least one member selected from halogen atoms 

excluding fluorine and a sulfur atom and having a refractive index np of 1 .45 to 1 .60. 

wherein and np are as specified above and nn is a refractive index of the hard coating. 

D- ^ 

wherein d is a thickness of the primer layer and X is a wavelength of visible light which is between 450 and 650 

nm. 

so JP-A-5-1 42401 discloses a plastic lens which is different from the above plastic lens disclosed in JP-A-4-366801 
only in that the primer layer is formed of a compound of at least one metal selected from the group consisting of Al, Ti. 
Zr. Sn and Sb and polyurethane. 

JP-A-6-826d4 discloses an optical element formed by laminating a silicone cured coating and an inorganic anti- 
reflection film on the surface of an organic glass, wherein a primer layer is interposed between the said organic glass 

55 and the cured film of cured silicone, the primer layer being formed of a coating composition comprising, as essential 
effective components, the following components: 

(a) urethane elastomer, (b) inorganic fine particles and (c) hydrolyzate of organoalkoxysilane. 

JP-A-6-1 18203 discloses a plastic lens obtained by forming a hard coating on the surface of a lens substrate of a 
plastic through a primer layer, wherein the primer layer is formed of a dispersion of 5 to 1 00 parts by weight of colloidal 
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metal oxide fine particles having a particle diameter of 4 to 150 nm in 100 parts by weight of a heat-curable urelhane 
resin, the said colloidal metal oxide fine particles containing 60 to 99 % by weight of titanium oxide. 

Further, JP-A-6-337379 discloses a plastic lens obtained by forming a primer layer as an impact-absorbing layer 
and a scratch-resistant hard coating layer on at least one surface of a plastic lens substrate in the above order from the 
5 substrate side, the said plastic lens substrate and the said primer layer having nearly equivalent refractive indices. 

However, the primer layers disclosed in JP-A-4-366801 and JP-A-5-142401 have a refractive index lower than 
about 1.57. and when these are formed on a lens having a refractive index of 1.60, interference fringes remain. 

In the primers containing Inorganic fine particles, disclosed in JP-A-6-82604 and JP-A-6-1 18203, the dispersing of 
the Inorganic fine particles has its own limit, the primer layers have a low refractive index, and when these are formed 
10 on a lens having a refractive index of 1 .60, interference fringes remain. 

In the primer layer disclosed in the last JP-A-6-337379. it is necessary to control the primer layer so as to have a 
refractive index nearly equivalent to that of a plastic lens substrate, and therefore, extreme difficulty is practically 
involved. 

IS Disclosure of the Invention 

It is an object of the present invention to provide a novel primer composition. 

It is another object of the present invention to provide a primer composition which gives a cured film having a high 
refractive index and impact resistance, 
20 It is further another object of the present invention to provide a plastic lens having a high refractive index, which has 
an anti-reflection film and yet has impact resistance and moreover, which is free of interference fringes. 

Other objects and advantages of the present invention will be apparent from the following description. 

According to the present invention, first, the above objects and advantages of the present invention are achieved 
by a primer composition comprising, as main coating film-forming components. 



at least one bromine compound selected from the group consisting of a conpound of the following general for- 



mula (A], 



30 



35 



R oXO 




wherein R is 



40 



45 




# 



and n is a number of 1 to 10. 
and a compound of the following general formula (B), 



so 
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-CH2CHO- , 
I 

CH3 



and each of p and 

q is ind^endently a number of 1 to 3, 
and a polyisocyanate or a prepolymer obtained by reacting the above conponents. 

The bromine compound used in the present invention is represented by the general formula (A) or (B). TTiese com- 
pounds have hydroxy! group(s) capable of reacting with a polyisocyanate. 

The compounds of the general formulae (A) and (B) are commercially available. The compound of the general for- 
mula (A) is commercially available, e.g., under the names of PIWHERM (trade name: Dainippon Ink & Chemicals, 
Inc.). EC-14. EC-20, EC-30. EP-13. EP-16, EP-20. EP-100. EP-200 and EP-500; and SR-T3040 and SR-T7040 
(Sakamoto Yakuhin Kogyo K.K.). The compound of the general formula (B) is commercially available, e.g., under the 
name of FIREGUARD 3600 (trade name: Teijin Chemicals Ltd.). 

The polyisocyanate can be selected from aliphatic polyisocyanates and polyisocyanates having an aromatic ring. 

The polyisocyanate contains at least 2 isocyanate groups (NCO groups) in the molecule. Diisocyanate is preferred. 

Examples of the polyisocyanate include hexamethylene diisocyanate, 1.3.3-trimethylhexamethylene diisocyanate, 
isophorone diisocyanate, 4,4*-dicyclohexylmethane diisocyanate, xylylene diisocyanate. tetramethylxylylene diisocy- 
anate, hydrogenated xylylene diisocyanate, tolylene diisocyanate. diphenylmethane diisocyanate, hydrogenated diphe- 
nylmethane diisocyanate, 1 .5-naphthalene diisocyanate and tetramethylxylylene diisocyanate. The polyisocyanate may 
also be used in the form, e.g., of a modified compound such as isocyanurate. allophanate, biuret, carbodiimide or an 
adduct such as a trimer. 

The polyisocyanate may be also used in the form of a compound blocked with a blocking agent. Examples of the 
blocking agent include acetylacetone. diethyl malonate, dimethyl malonate, 2.4-hexadione, 3,5-heptadione. acetoxime. 
butanoneoxime. methyl ethyl ketoxime and caprolactam. Of these, methyl ethyl ketoxime and p-diketone such as acety- 
lacetone are preferred. 

When the polyisocyanate is a polyisocyanate having an aromatic ring such as xylylen diisocyanate or tetramethyt- 
xylylene diisocyanate, the polyisocyanate is advantageously used in the form of a modified compound, an adduct or a 
prepolymer. 

When the polyisocyanate is an aliphatic polyisocyanate, it is advantageously used in the form of a compound 
blocked with p-diketone. In particular, hexamethylene diisocyanate is advantageous for providing the primer composi- 
tion of the present invention as a one-pack type composition when a cyclic trhner of the hexamethylene diisocyanate is 
used in the form of a compound blocked with p-diketone. 

The primer composition of the present invention may contain at least one polyol selected from the group consisting 
of polyester polyol, polyether polyol, acryl polyol and polycarbonate polyol as required. In this case, the amount of the 
polyol per 1 part by weight of the above bromine compound is 10 parts by weight or less, preferably 0.01 to 3 parts by 
weight 

The polyester polyol comprises a polybasic acid and a hydroxy compound. Examples of the polybasic acid include 
organic cart}oxylic acids such as phthalic acid, isophthalic acid, hydrogenated phthalic acid, adipic add, linolenic acid 
dimer and maleic acid. These polyt^asic acids may be used alone or in combination. Examples of the hydroxy com- 
pound include glycols such as ethylene glycol, propylene glycol, butylene glycol, hexylene glycol and diethylene glycol: 
and tri- or tetraols such as trimethylolpropane, hexantriol, glycerin, trimethyolethane and pentaerythritol. These hydroxy 
compounds may be used alone or in combination. 

The above polyester polyol can be obtained as commercially available products, for example, in the names of 
DESMOPHEN series (Sumitomo- Bayer Co.. Ltd.), NIPPOLAN series (Nippon Polyurethane Industry Co., Ltd.), TAK- 
ERAK series (Takeda Chemicals Industries, Ltd.). ADEKA NEW ACE series (Asahi Denka Kogyo K.K.), and VARNOK 
(Dainippon Ink & Chemicals, Inc.). 

The above polyether polyol can be obtained as commercially available products, for example, in the names of 
ADEKA POLYETHER (Asahi Denka Kogyo K.K.). ACTOCOL (Takeda Chemicals Industries, Ltd.) and PPG-Diol series 
(Mitsui Toatsu Chemicals. Inc.). The acryl polyol can be obtained as commercially available products, for example, in 
the names of TAKERAK series (Takeda Chemicals Industries. Ud.) and ACRYDIC (Dainippon Ink & Chemicals. Inc.). 

Further, the polycarbonate polyol can be obtained as commercially available products, for example, in the names 
of NIPPOLAN No. 980 series (Nippon Polyurethane Industry Co.. Ltd.) and CARBODIOL (Toagosei Co.. Ltd.). 

The primer composition of the present invention may contain the above bromine compound, the polyol optionally 
contained and the polyisocyanate in an unreacted state as they are, and further, the primer composition of the present 
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invention may contain the above components in the state of a prepolymer obtained by reacting the above components 
in advance. 

When the primer composition contains the above connponents in an unreacted state, the equivalent amount ratio 
(NCO/OH) of isocyanate groups (NCO) of the polyisocyanate and hydroxyl groups (OH) of the bromine compound is 

5 preferably in the range of from 0.7 to 1 .8, When the primer composition contains the other polyol. the equivalent amount 
ratio (NCO/OH) of isocyanate groups (NCO) of the polyisocyanate and the total hydroxyl groups (OH) of the bromine 
compound and the polyol is preferably in the range of from 0.7 to 1.8. When the above ratio is snfialler than 0.7, the 
adhesion of a hard coating to an obtained cured primer coating tends to be low. On the other hand, when the above 
ratio is greater than 1 .8, the coating tends to undergo whitening or the adhesion of a hard coating tends to be low. 

10 Further, when the primer composition contains the above components in the state of a prepolymer obtained by 
reacting them in advance, the equivalent amount ratio (NCO/OH) of isocyanate groups (NCO) of the polyisocyanate 
and hydroxyl groups (OH) of the bromine compound is preferably in the range of 1 to 5. When the primer composition 
contains the other polyol. the equivalent amount ratio (NCO/OH) of isocyanate groups (NCO) of the polyisocyanate and 
the total hydroxyl groups (OH) of the bromine compound and the polyol is preferably in the range of 1 to 5. When the 

IS above ratio is less than 1 , a reaction product is liable to undergo gelation, it is difficult to obtain the primer corrposition 
as a transparent solution, and the adhesion of a hard coating to the cured film tends to be low. On the other hand, when 
the above ratio is greater than 5, the film tends to undergo whitening. 

The primer composition of the present invention is generally provided in a solution state in which it is dissolved in 
an aprotic polar organic solvent. 

20 The above organic solvent is selected, for example, from the group consisting of a compound formed by converting 
one terminal OH group of ethylene glycol, diethylene glycol or propylene glycol to a methoxy. ethoxy, propoxy or butoxy 
group and converting the other terminal OH group to an acetyloxy group, a compound formed by converting each of 
terminal OH groups of the above glycol to a methoxy. ethoxy, propoxy or butoxy group, and a conpound formed by 
optionally replacing a hydrogen atom of an alicyclic tetone with an alkyl group. These solvents may be used alone or in 

25 combination. 

Specific examples of the above organic solvent include ethylene glycol monomethyl ether acetate, ethylene glycol 
monoethyl ether acetate, ethylene glycol monopropyl ether acetate, ethylene glycol monobutyl ether acetate, propylene 
glycol monomethyl ether acetate, propylene glycol monoethyl ether acetate, propylene glycol monopropyl ether acetate, 
propylene glycol monobutyl ether acetate, diethylene glycol monomethyl ether acetate, diethylene glycol monoethyl 

30 ether acetate, diethylene glycol monopropyl ether acetate, diethylene glycol monobutyl ether acetate, ethylene glycol 
dimethyl ether, ethylene glycol diethyl ether, ethylene glycol dipropyl ether, ethylene glycol dibutyl ether, diethylene gly- 
col dimethyl ether, diethylene glycol diethyl ether, diethylene glycol dipropyl ether, diethylene glycol dibutyl ether, pro- 
pylene glycol dimethyl ether, propylene glycol diethyl ether, o-methylcyclohexanone. m-melhylcyclohexanone, and p- 
methylcyclohexanone. Besides these, propylene glycol monomethyl ether may be also used. 

35 The primer composition of the present invention may contain a curing catalyst, metal oxide fine particles, a leveling 
agent, a lubricity-inrparting agent, an antioxidant, a weatherability-innparting agent an antistatic agent and a bluing 
agent as required. 

The curing catalyst is preferably selected from fatty acid metal salts and amines. The curing catalyst is particularty 
effective when a polyisocyanate blocked with a blocking agent is used. 

40 Examples of the fatty acid metal salts preferably include salts of metals such as tin. zinc, cobalt iron, aluminum or 
the like of a higher fatly acid sjch as stearic acid or capric add. 

Examples of the amines include aliphatic amines, aromatic amines and aminosilanes such as polymethiylenedi- 
amine, polyetherdiamine. diethylenetriamine, iminobispropylamine, bishexamethylenetriamine, diethylenetriamine. 
tetraethylenepentamine, pentaethylenehexamine, dimethylaminopropylamine, aminoethylethanolamine, methylimino- 

45 bispropylamine, menthanediamine. N-aminomethylpiperazine. 1 ,3-diaminocyclohexane. isophoronediamine. m-xylene- 
diamine, tetrachloro-p-xylylenediamine. m-phenylenediamine. 4.4'-methylenaiianiline. diaminodiphenylsulfone, 
benzidine, toluidine. diaminodiphenyl ether, 4.4*-thiodianiline, 4,4'-bis(o-toluldine)dianisidine, o-phenylenediamine. 2.4- 
toluenediamine, methylenebis(o-chloroaniline). diaminoditolylsulfbne. bis(3,4-diaminophenyl)sulfbne, 2,6-diaminopyri- 
dine. 4-chloro-o-phenylenediamine, 4-methoxy-6-methyl-m-phenylenediamine, m-aminobenzylamine, N,N.N\N'- 

so tetramethyl-1.3-butanediamine. N,N,N\N'-tetramethyl-p-phenylenediamine, tetramethylguanidine, triethanolamine, 2- 
dimethylamino-2-hydroxypropane, N.N'<limethylpiperazine.N.N'-bis[(2-hydroxy)propyl]piperazine. N-methylmorpho- 
line. hexamethylenetetramine. pyridine, pyrazine. quinoline, benzyldimethylamine. a-methylbenzylamine. 2-(dimethyl- 
aminomethyi)phenol. 2.4.6-tris(dimethylaminomethylol)phenoI. N-methylpiperazine. pyn^lidine. morpholine. N- 
p(aminoethyl)raminopropyltrimethoxysilane. y-aminopropyitrimethoxysilane. y-aminopropyltriethoxysilane. N-p(ami- 

55 noethyOy-aminopropylmethyldimethoxysilane, y-aminopropylmethyldimethoxysilane. and y-aminopropylmethyldiethox- 
ysilane. 

Besides the above catalysts, the curing catalyst can be also selected from ammonium acetate, alkyl acetate qua- 
ternary ammonium salt, and trifluoroacetic acid, p-toluenesulfonic add and salts of these. 

The metal oxide fine particles are advantageously added for further increasing the refractive index of a coating film 
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formed of the primer composition. The metal oxide fine particles can be preferably selected from Component A used in 
a hard coating having a high refractive index, to be described later, antimony oxide sol (AMT-130S, Nissan Chemical 
Industry Co.. Ud.) and tin oxide • tungsten oxide conposite oxide (SANCOLLOID HIS-30M, Nissan Chemical Industry 
Co.. Ltd.). 

5 Further, the leveling agent and the lubricity-imparting agent can be selected, for example, from a copolymer from 
pdyoxyalkylene and polydimethylsiloxane, and a copolymer from polyoxyalkylene and f luorocarbon. 

These are used in an amount of 0.001 to 10 parts by weight per 100 parts by weight of the total liquid amount. 
The primer composition of the present invention is applied to a plastic lens substrate, particularly a plastic lens sub- 
strate for various ophthalmic glasses having a refractive index of above 1 .50. such as a plastic lens substrate formed of 
10 a polyurethane resin, a plastic lens substrate formed of a methacrylic polymer, a plastic lens substrate formed of an 
acrylic polymer, or a substrate formed of these two materials by. for example, a dip method, a flow method, a spinner 
method or a spray method and then, the applied composition is cured by heating it at 90 to lao^'C for several hours to 
about 1 5 minutes. The thickness of the cured film is preferably 0.4 to 5 ^m. When the thickness is smaller than 0.4 ^m. 
the effect on the improvement of impact resistance Is low. while when the thickness is greater than 5 iiim, the hardness 
15 after a hard coating is formed is low. 

In a lens obtained by forming a cured coating film of the primer composition of the present invention on a plastic 
lens substrate, it is prefen-ed to further form a hard coating on the cured coating film. 

According to the present invention, therefore, there Is further provided a plastic lens comprising a plastic lens sub- 
strate having a refractive index of at least 1 .50, a cured coating film of the above primer composition of the present 
20 invention and a hard coating having a high refractive index in this order. 

The hard coating having a high refractive index is preferably formed of the following three components, A. B and C. 
Component A: Sol obtained by dispersing fine particles which are fine particles of at least one oxide selected from 
iron oxide, titanium oxide, cerium oxide, zirconium oxide, antimony oxide, zinc oxide and tin oxide, a mixture of these or 
a composite oxide of these and which have an average particle diameter in the range of from 1 to 100 nm, in water or 
25 other solvent. As the above fine particles, for example, composite oxide particles formed of an iron oxide component, a 
titanium oxide component and a silica component, or composite oxide particles formed of a cerium oxide (or ceria) com- 
ponent, a titanium oxide component and a silica component are preferred. 

When the conposite oxide particles are formed of an iron oxide component, a titanium oxide component and a sil- 
ica component, it is preferable that the weight ratio of Fe203/Ti02 is in the range of 0.005 to 1 .0, and the weight ratio of 
30 Si02/(Fe2O3 + TiOa) is in the range of 0.001 to 1.0, in which the amount of the iron oxide component is calculated as 
Fe203. the amount of the titanium oxide conrponent is calculated as TlOa, and the amount of the silica component is 
calculated as StOg. 

When the composite oxide particles are formed of a cerium oxide component, a titanium oxide component and a 
silica component, it is preferable that the weight ratio of Ce203/n02 is in the range of 0.1 to 1 .0, and the weight ratio of 
35 Si02/(Ce2O3 + TiOa) is in the range of 0.05 to 0.5, in which the amount of the cerium ocide component is calculated as 
Ce203. the amount of the titanium oxide conrponent is calculated as TiOa, and the amount of the silica component is 
calculated as Si02. 

The above fine particles are preferably surface-treated with an organosilicon compound. 
The above organosilicon compound includes a monof unctional silane of the following formula. 

40 

RaSiX 

wherein R is an organic group having an alkyi group, a phenyl group, a vinyl group, a methacryloxy group, a mer- 
capto group, an amino group or an epoxy group and X is a hydrolyzable group, 
45 a difunctional silane of the following formula, 

RgSiXs 

wherein R and X are as defined above, 
so a trif unctional silane of the following formula, 

RSiXg 

wherein R and X are as defined above, and a tetrafunctional silane of the following formula. 

55 

SiX4 

wherein X is as defined above. 
Exanples of the monofunctional silane include trimethylmethoxysilane. triethylmethoxysilane. trimethylethox- 
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ysilane. triethylethoxysilane. triphenylmethoxysilane, diphenylmethylmethoxysllane, phenyldimethyimethoxysilane, 
phenyldimethylethoxysilane. vinyldimethylmethoxysilane. vinyldlmethylethoxysilane, y-acryloxypropyldimethylmethoxy- 
silane. y-methacryloxypropyldimethylmethoxysilane. y-mercaptopropyldimethylmethoxysilane, y-mercaptopropyld- 
imethylethoxysilane, N-p(aminoethyl)y-aminopropyldimethylmethoxysilane. y-aminopropyldimethylmethoxysilane. y- 
aminopropyldiethylmethoxysilane. y-glycidoxypropyldimethylmethoxysilane. y-glycldQxypropyldimethoxyethoxysilane. 
and p-(3.4-epoxycyclohexyl)ethyldimethylmethQxysHana 

Examples of the difunctional silane include dimethyldimethoxysilane. diethyidimethoxysilane, dimethyldiethox- 
ysilane, diethyldiethoxysilane. diphenyldimethoxysilane. phenylmethyldimethoxysilane, phenylmethyldiethoxysilane. 
vinylmethyldimethoxysilane, vinylmethyldiethoxysilane, y-acryloxypropylmethyldimethoxysilane, y-methacryloxypro- 
pyldimethyldimethoxysilane, y-mercaptopropylmethyldimethoxysilane, y-mercaptopropylmethyldiethoxysilane. N-p(ami- 
noethyOy-aminopropylmethyldimethoxysilane. y-aminopropylmethyldimethoxysilane. y-aminopropylmethyl- 
diethoxysilane. y-giycidoxypropylmethyldimethoxysilane. y-glycidoxypropylmethoxydiethoxysilane, and p-(3,4-epoxycy- 
cloh€xyl)ethylmethyldimethoxysilane. 

Examples of the trifunctional silane include methyltrimethoxysilane. ethyltrimethoxysilane. methyltriethoxysllane, 
ethyltriethoxysilane. phenyltrimethoxysilane, phenyltriethoxysilane. vinyltrimethoxysilane. vinyltrlethoxysilane. vinyl(p- 
methaxyethoxy)silane. y-acryloxypropyltrimethoxysilane, y-methacryioxypropyltrimefrioxysnane, y-mercaptopropyltri- 
methoxysilane. r^^ercaptopropyltriethoxysilane, N-p(aminoethyl)raminopropyltrimethoxysilane, y-aminopropyltrimeth- 
oxysilane. raminopropyltriethoxysilane, y-glycidoxypropyltrimethoxysilane. p-glycidcxypropyltrimethoxysilane. r 
glycidoxypropyltriethoxysilane. p-glycidoxypropyltriethoxysilane. and p-(3,4-epoxycyclohexyl)ethyltrimethoxysilane. 

Examples of the tetrafunctional silane include tetraethylorthosilicate and tetramethylorthosillcate. 

When the oxide fine particles are surface-treated with the above orgahosilicon compound, the organosilicon com- 
pound may be used as it is or after it is hydrolyzed in advance. The organosilicon conrpound or its hydrolyzate is used 
in an amount of 0.0 1 to 0. 1 5 part by weight based on 1 part by weight of the fine particles. The organosilicon compound 
or its hydrolyzate is applied to the fine particles after it is dispersed in a dispersing medium. 

Examples of the above dispersing medium include methanol, ethanol, isopropyl alcohol, n-butanol, 2-butanol, 
methyl cellosolve. ethyl cellosolve. propyl cellosolve. butyl celiosolve. ethylene glycol, methyl acetate, ethyl acetate, die- 
thyl ether, tetrahydrofuran. acetone, xylene, N.N-dimethylformamide. methyl ethyl ketone, dichloroethane and toluene. 

The sol as Component A can be obtained as a commercially available product, for example, in the name of 
OPTOLAKE 1130F-2 (A-8) [iron oxide-titanium oxide-silica composite particles, solid content 30 %, methanol disper- 
sion] or OPTOLAKE 1 130 A (A-8) [cerium oxide-titanium oxide-silica composite particles, solid content 30 %. methanol 
dispersion] supplied by Catalyst & Chemicals Co., Ltd. 

Component B: An epoxy-group-containing silicon compound of the following formula, or its partial hydrolyzate, 

RiR2aSi{OR3)3.fl 

wherein is an epoxy-group-containing group having 2 to 12 carbon atoms. R^ is an alkyl group having 1 to 6 
cartDon atoms, an alkenyl group, an aryl group, a halogenated alkyl group or a halogenated aryl group. R^ is a hydrogen 
atom, an alkyl group having 1 to 4 carbon atonns or an acyl group, and a is 0.1 or 2. 

Examples of the above epoxy-group-containing silicon compound include y-glycidoxypropyltrimethoxysilane. p-gly- 
cidoxypropyltrimethQxysilane. y-glycidoxypropyltriethoxysilane, p-glycidoxypropyltriethoxysilane, y-glycidoxypropyl- 
methyldimethoxysllane. y-glycidoxypropylmethyldiethoxysilane. and p-(3,4-epoxycyclohexyl)ethyltrlmethoxysilane. 

Component C: A compound which has a molecule containing only one OH group or SH group, has a molecule main 
chain containing at least one group of 




and further has at least one unsaturated group, and which is soluble in water or a lower alcohol having 1 to 4 carlDon 
atoms. 

The above compound is, for example, preferably a compound of the following formula, 

r4.X-R5-Y-H 

wherein R^ is a monovalent hydrocarbon group having at least one unsaturated group, which may contain an O 
atom or an S atom as any one of the above groups. R^ is a divalent hydrocarbon group having at least 2 carbon atoms, 
which may contain an 0 atom or an S atom as any one of the above groups, and each of X and Y is independently an 
O atom or an S atom. 
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Examples of the above compound include poly(ethylene)glycol monomethacrylate, poly(butanediol) monoacrylate, 
poly(butanedlol) monomethacrylate, 1 ,4-butanediol monovinyl ether, 1 ,6-hexanedithlol monoacrylate, di(acryloxye- 
thyl)hydroxyethylamine. 2-hydroxy-3-phenoxypropyl acrylate. pentaerythrltol triacrylate. 2-hydroxybutyl acrylate. 3- 
acryloyloxyglycerin monomethacrylate, and 2-hydrQxy-1,3-dimethacryloxypropane. 
5 As Component C, the following compounds are preferred. 

Preferred is a compound of the followving formula (A). 
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15 wherein Is a hydrogen atom or a methyl group, and b is an integer of 2 to 10, more preferably an integer of 4 

toe. 

Examples of the above compound include 4-hydroxybutyl acrylate and 4-hydraxybutyl methacrylate. 
Prefen'ed is a compound of the following formula (B), 



25 




wherein is a hydrogen atom or a methyl group. is -CHaCHCCHa)-. and c is an integer of 2 to 9. more pref- 
erably 2 to 4. 

30 Examples of the above compound include diethylene glycol monoacrylate. tetraethylene glycol monoacrylate. polyeth- 
ylene glycol monoacrylate, trlpropylene glycol monoaaylate. polypropylene glycol monoacrylate, diethylene glycol 
monomethacrylate, tetraethylene glycol monomethacrylate, polyethylene glycol monomethacrylate. trlpropylene glycol 
monomethacrylate, and polypropylene glycol monomethacrylate 
Preferred is a compound of the following formula (C). 



35 



40 



45 



wherein b is an integer of 4 to 1 0. and d Is 0 or 1 . 
Examples of the above compound Include 4-hydroxyk»Jtyl allyl ether and 4-hydrQxybutyl vinyl ether. 
Preferred is a compound of the following formula (D), 



CH2=CH--^H2^— 



..•(D) 



so wherein R^ is -CHaCHCCHj)-, and c is an integer of 2 to 9. and d is 0 or 1. 

Examples of the above compound include di^hylene glycol monoallyl ether and triethylene glycol monovinyl ether. 

When the total amount of the above Components A. B and C is 1 00 parts by weight, preferably the amount of Com- 
ponent A is 5 to 80 parts by weight, the amount of Component B is 5 to 60 parts by weight, and the amount of Compo- 
nent C is 1 0 to 90 parts by weight. 

55 In addition to the above Components A, B and C. the hard coating may contain 0 to 60 parts by weight of an orga- 
nosilicon compound of the following formula or its partial hydrolyzate as required. 

R®dR^Si(OR3)4^.e 
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wherein and are as defined above, R^ is an alkyi group having 1 to 4 carbon atoms, a halogenated alkyi 
group, an aryl group or halogenated aryl group having 6 to 12 carbon atoms, a methacroxyalkyi group having 5 to 8 car- 
bon atoms, a ureidoalkylene group having 2 to 10 carbon atoms, an aromatic ureidoalkylene group/a halogenated aro- 
matic alkylene group or a mercapto alkylene group, d is 1 . 2 or 3, and e is 0. 1 or 2. 

Examples of the above organosllicon compound include trimethylmethoxysilane, triethylmethoxysilane. trimethyl- 
ethoxysilane, triethylethoxysilane. triphenylmethoxysilane, diphenylmethylmethoxysllane, phenyldimethylmethoxysi- 
lane, phenyldimethylethoxysilane, vinyldimethyimethoxysilane, vinyldimethylethoxysilane, vinyl(p- 
methoxyethoxy)silane, p-glycidoxypropyltrlmethoxysilane, y-glycidoxypropyltriethoxysilane, p-glycldoxypropyltriethox- 
ysilane. p-(3.4-epoxycyclohexyl)ethyltrimethoxysilane, tetraethylorthosilicate and tetramethylorthosilicate. 

The hard coating formed of the above Components A, B and C preferably has a thickness of 0.8 to 4 jum. 

When the thickness Is smaller than 0.8 ^m, the hardness of the hard coating is low, while when It is greater than 4 
^m, the hard coating is liable to undergo aacking. 

When the hard coating is applied, It Is effective for improving the adhesion of the hard coating to subject the lens 
substrate to pretreatment such as alkali treatment, acid treatment, plasma treatment, corona treatment or flame treat- 
ment. 

Further, the hard coating may be provided with a mono-layered or multi-layered anti-reflection film of an inorganic 
material thereon. It serves to decrease reflection, improve transmittance and improve weatherability. 

The anti-reflection film of an inorganic nrtaterial is formed, as a thin film, from SiO, SiOa. SiaN^. Ti02, Zr02, AI2Q3. 
MgF2, Ta205 or the like by a vacuum vapor deposition method. 

Examples 

The present invention will be explained in detail hereinafter, while the present invention shall not be limited by these 
Examples. 

Svnthesis of blocked isocvanate 
Example 1-1 

Xylylene diisocyanate (TAKENATE 500. trade name, supplied by Takeda Chemicals Industries, Ud.) was dissolved 
in cyclohexanone, and whHe the mixture was stirred at 40**C. a small amount of dibutyltin dilaurate as a catalyst was 
added thereto. Then, while an absorption caused by NCO was measured by IR measurement, butanoneoxime was 
added little by little until the absorption ascribed to NCO was not found. The resultant solution was adjusted so as to 
have a non-volatile content of 70 %. and this solution was used as Liquid A. 

Example 1-2 

A blocked isocyanate solution was obtained in the same manner as in Example 1-1 except that the xylylene diiso- 
cyanate was replaced with telramethylxylylene diisocyanate. This solution was used as Liquid B. 

Example 1-3 

Trimethylolpropane was dissolved in cyclohexanone, and xylylene diisocynate in an amount three times of trimeth- 
ylolpropane in mdar ratio was added thereto, to give a trimer. Then, a solution of a blocked isocyanate of the timer was 
obtained in the same manner as in Example 1 -1 . This solution was used as Liquid C. 

Example 1-4 

A blocked isocyanate solution was ok>tained in the same manner as in Example 1-3 except that the xylylene diiso- 
cyanate was replaced with tetramethylxylylene diisocyanate. This solution was used as Liquid D. 

Example 1-5 

A solution of a blocked isocyanate of a tetramo- was obtained in the same manner as in Example 1-3 except that 
pentaerythrito! was dissolved in cyclohexanone and that xylylene diisocyanate in an amount four times of pentaerythri- 
tol in molar ratio was added thereto. This solution was used as Liquid E. 
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Preparation of Primer 
Example 2-1 

5 134 Grams of a compound having the general formula (A) in which R was a 3-tribromophenoxy-2-hydroxypropyl 

group and having a molecular weight of about 3,000 (trade name PRATHERM EC-30, supplied by Dainlppon Ink & 
Chemicals, Inc.), 36 g of a polyester polyol (trade name ADEKA New Ace YG-240, Asahl Denka Kogyo K.K.), 103 g of 
a polyisocyanate (trade name CORONATE 251 3, supplied by Nippon Poiyurethane Industry Co., Ltd.) and 724 g of pro- 
pylene glycol monomethyl ether acetate as a solvent were mixed, and the mixture was fully stirred until a homogeneous 

10 state was obtained. As a flow controlling agent, 0.3 g of a fluorine-containing surfactant (trade name FLUORAD FC430, 
supplied by 3M Co., Ltd.) was added and further stin-ed thereby to give a homogeneous mixture solution (NCO:OH =: 
1 :1 , nonvolatile content 20 %). This solution was used as a primer liquid 1 . A cured coating film from this liquid had a 
refractive index of 1.581. 

75 Example 2-2 

A primer liquid 2 (NCO:OH = 1:1, nonvolatile content 20 %) was obtained in the same manner as in Example 2-1 
except that there were used 84 g of PRATHERM EC-30. 84 g of a polyester polyol (trade name ADEKA New Ace YG- 
226. Asahi Denka Kogyo K.K..), 109 g of a polyisocyanate (trade name LS-2759, Sumitomo-Bayer Co.. Ltd.) and 718 g 
20 Of propylene glycol nrionomethyl ether acetate. A cured coating film from the above liquid had a refractive index of 1 .556. 

Example 2-3 

A primer liquid 3 (NCO:OH = 1:1, nonvolatile content 20 %) was obtained in the same manner as In Example 2-1 
25 except that there were used 66g of a compound of the general formula (B) in which X = CH2CH2O and p = q = 1 (trade 
name FIREGUARD FG-3600. supplied by Teijin Chemicals Ltd.), 44 g of YG-240, 120 g of LS-2759 and 770 g of pro- 
pylene glycol monomethyl ether acetate. A cured coating film from the above liquid had a refractive index of 1 .552. 

Example 2-4 

30 

A primer liquid 4 (NCOrOH = 1 :1. nonvolatile content 20 %) was obtained In the same manner as In Example 2-1 
except that there were used 76 g of FIREGUARD FG-3600, 19 g of a polyester polyol (trade name ADEKA New Ace 
YG-510, Asahi Denka Kogyo K.K.). 131 g of CORONATE 2513 and 774 g of propylene glycol monomethyl ether ace- 
tate. A cured coating film from the above liquid had a refractive Index of 1 .549. 

35 

Example 2-5 

A primer liquid 5 (NGO:OH = 1:1, nonvolatile content 20 %) was obtained in the same manner as In Example 2-1 
except that there were used 94 g of FIREGUARD FG-3600, 141 g of LS-2759 and 764 g propylene glycol monomethyl 
40 ether acetate. A cured coating film from the above liquid had a refractive index of 1 .579. 

Example 2-6 

A primer liquid 6 (NCO:OH = 1:1, nonvolatile content 20 %) was obtained in the same manner as in Example 2-1 
45 except that there were used 104 g of a compound having the general formula (A) in which R was 3-tribromophenoxy-2- 
hydroxypropyl group and having a molecular weight of about 2,000 (trade name PRATHERM EG-20, supplied by Dain- 
lppon Ink & Chemicals, Inc.), 26 g of a polycarbonate polyol (trade name NIPPOLAN 983, supplied by Nippon Poiy- 
urethane Industry Co., Ltd.), 88 g of CORONATE 2513 and 782 g of cyclohexanone. A cured coating film from the above 
liquid had a refractive index of 1 .580. 

so 

Example 2-7 

A primer liquid 7 (NCOiOH = 1:1. nonvolatile content 30 %) was obtained in the same manner as in Example 2-1 
except that there were used 171 g of PRATHERM EC-30, 44 g of YG-240. Ill g of a polyisocyanate (trade name D- 
55 1 1ON, supplied by Takeda Chemicals Industries. Lid.) and 671 g of propylene glycol monomethyl ether acetate. A cured 
coating film from the above liquid had a refractive index of 1 .591 . 
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Example 2-8 

A primer liquid 8 (NCO:OH = 1 :1 , nonvolatile content 20 %) was obtained in the same manner as in Example 2-1 
except that there were used 108 g of PRATHERMEC-30. 27 g of YG-240. 85 g of a polyisocyanate (trade name D- 
180N. supplied by Takeda Chemicals Industries. Ltd.) and 777 g of propylene glycol monomethyl ether acetate. A cured 
coating film from the above liquid had a refractive index of 1 .588, 

Example 2-9 

A primer liquid 9 (NCO:OH = 3:2. nonvolatile content 20 %) was obtained in the same manner as in Example 2-1 
except that there were used 102 g of PRATHERM EC-20. 26 g of YG-240, 100 g of D-100N and 769 g of cyclohex- 
anone. A cured coating film from the above liquid had a refractive index of 1 .590. 

Example 2-10 

A primer liquid 10 (NCO:OH =1:1, nonvolatile content 20 %) vwas obtained in the same manner as in Example 2-1 
except that there were used 104 g of a compound having the general formula (A) in which R was 3-tribromophenoxy-2- 
hydroxypropyl group and having a molecular weight of about 1 ,400 (trade name PRATHERM EC-14, supplied by Dain- 
ippon Ink & Chemicals. Inc.). 26 g of YG-51 0. 94 g of D-1 10N and 776 g of ethylene glycol dimethyl ether. A cured coat- 
ing film from the above liquid had a refractive index of 1 .597. 

Example 2-1 1 

A primer liquid 1 1 (NCO:OH =1:1. nonvolatile content 20 %) vwas obtained in the same manner as in Example 2-1 
except that there were used 1 1 0 g of PRATHERM EC-30. 28 g of NIPPOLAN 983, 83 g of D-1 1 0N and 776 g of ethylene 
glycol monomethyl ether acetate. A cured coating film from the above liquid had a refractive index of 1 .590. 

Example 2-12 

A primer liquid 12 (NCO:OH = 1:1. nonvolatile content 20 %) was obtained in the same manner as in Example 2-1 
except that there were used 92 g of FIREGUARD FG-3600. 23 g of YG-240. 1 13 g of D-1 ION and 772 g of diethylene 
glycol dimethyl ether. A cured coating film from the above liquid had a refractive index of 1 .584. 

Example 2-^3 

A primer Iquid 13 (NCOiOH = 1:1, nonvolatile content 15 %) was obtained in the same manner as in Example 2-1 
except that there were used 81 g of FIREGUARD FG-3600. 92 g of D-1 ION and 824 g of diethylene glycol dimethyl 
ether, A cured coating film from the above liquid had a refractive index of 1 .590. 

Example 2-14 

A primer liquid 12 (NCO:OH = 1:1. nonvolatile content 20 %) was obtained In the same manner as in Example 2-1 
except that there were used 46 g of EC-20. 46 g of FIREGUARD FQ-3600, 23 g of YG-SIO, 1 12 g of D-1 ION and 773 
g of diethylene glycol dimethyl ether. A cured coating film from the above liquid had a refractive index of 1 .588. 

Example 2-15 

138 Grams of PRATHERM EC-30. 43 g of a polyester polyo! (trade name DESMOPHEN 670-80B. supplied by 
Sumitomo-Bayer Co., Ltd.) and 39 g of Liquid A were dissolved in 777 g of diethylene glycol dimethyl ether to give a 
homogeneous solution. As a curing catalyst, further. 5 g of an organotin-containing compound (trade name SCAT-2L, 
Sankyo Organic Chemicals Co.. Ltd.) and 0.4 g of FC430 were added, and the resultant solution was used as a primer 
liquid 15 (NCO:OH = 1 :1 . nonvolatile content 20 %). A cured coating film from the above liquid had a refractive index of 
1.604. 

Example 2-16 

A primer liquid 16 (NCO:OH = 1:1. nonvolatile content 20 %) was obtained in the same manner as in Example 2- 
15 except that there were used 124 g of PRATHERM EC-30. 31 g of YG-240. 64 g of Uquid B and 776 g of diethylene 
glycol dimethyl ether. A cured coating film from the above liquid had a refractive index of 1 .605. 
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Example 2-17 

A primer liquid 17 (NCO:OH = 1:1, nonvolatile content 20 %) was obtained in the same manner as in Example 2- 
1 5 except that there were used 97 g of PRATHERM EC-20. 24 g of YG-51 0, 1 1 3 g of Liquid C and 761 g of diethylene 
5 glycol dimethyl ether. A cured coating film from the above liquid had a refractive index of 1 .593. 

Example 2-18 

A primer liquid 18 (NCO:OH = 1:1, nonvolatile content 20 %) was obtained In the same manner as In Example 2- 
10 15 except that there were used 107 g of PRATHERM EC-14. 27 g of YG-240. 95 g of Liquid D and 766 g of cyclohex- 
anone. A cured coating film from the above liquid had a refractive Index of 1 .595. 

Example 2-19 

15 A primer liquid 1 9 (NCO:OH = 1:1, nonvolatile content 20 %) was obtained In the same manner as in Exanrpie 2- 
15 except that there were used 1 10 g of PRATHERM EC-20. 27 g of YQ-510, 90 g of Uquld E and 768 g of diethylene 
glycol dimethyl ether. A cured coating film from the above liquid had a refractive index of 1 .595. 

Example 2-20 

20 

A primer liquid 20 (NCO:OH = 1:1, nonvolatile content 20 %) was obtained in the same manner as in Example 2- 
15 except that there were used 127 g of a compound having the general formula (A) in which R is a glycidyl group and 
having a molecular weight of about 2,000 (trade name PRATHERM EP-20, supplied by Dainippon Ink & Chemicals, 
Inc.), 32 g of YG-240, 58 g of Liquid C and 779 g of cyclohexanone. A cured coating fijm from the above liquid had a 
25 refractive index of 1 .593. 

Example 2-21 

A primer liquid 21 (NCO:OH = 1:1, nonvolatile content 20 %) was obtained In the same manner as In Example 2- 
30 15 except that there were used 115 g off PRATHERM EC-30, 29 g of NIPPOLAN 983, 80 g of Uquid C and 773 g of 
diethylene glycol dimethyl ether. A cured coating film from the above liquid had a refractive index of 1 .592. 

Example 2-22 

35 A primer liquid 22 (NCO:CH = 3:2, nonvolatile content 30 %) was obtained in the same manner as in Exanrpie 2- 
15 except that there were used 122 g of PRATHERM EC-20, 30 g of YG-510. 213 g of Liquid C and 630 g of diethylene 
glycol dimethyl ether. A cured coating film from the above liquid had a refractive index of 1 .590. 

Example 2-23 

40 

A primer liquid 23 (NCOiOH s 1:1 . nonvolatile content 20 %) was obtained in the same manner as in Example 2- 
15 except that there were used 77 g of FIREGUARD FQ-3600, 19 g of YG-510. 147 g of Liquid C and 752 g of diethyl- 
ene glycol dimethyl ether. A cured coating film from the above liquid had a refractive index of 1.583. 

45 Example 2-24 

A primer liquid 24 (NCO:OH = 3:2, nonvolatile content 20 %) was obtained in the same manner as in Example 2- 
1 5 except that there were used 67 g of Fl REGUARD FG-3600. 1 7 g of YG-240, 1 56 g of Liquid C and 755 g of diethyl- 
ene glycol dimethyl ether. A cured coating film from the above liquid had a refractive index of 1 .580. 

so 

Example 2-25 

A primer liquid 25 (NCO:OH = 3:4, nonvolatile content 20 %) was obtained in the same manner as in Example 2- 
1 5 except that there were used 88 g of FIREGUARD FG-3600. 22 g of YG-51 0. 1 1 3 g of Liquid C and 772 g of diettiyl- 
55 ene glycol dimethyl ether. A cured coating film from the above liquid had a refractive index of 1 .588. 

Example 2-26 . 

A primer liquid 26 (NCOiOH = 1:1. nonvolatile content 30 %) was obtained in the same manner as in Example 2- 
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15 except that there were used 125 g of FIREGUARD FG-3600, 32 g of NIPPOLAN 983, 207 g of Uquid C and 631 g 
of diethylene glycol dimethyl ether. A cured coating film from the above liquid had a refractive index of 1 .582. 

Example 2-27 

5 

A primer liquid 27 (NCO:OH = 1:1, nonvolatile content 20 %) was obtained in the same manner as in Example 2- 
15 except that there were used 88 g of FIREGUARD FG-3600. 10 g of YQ-510. 146 g of Uquid C and 751 g of diethyl- 
ene glycol dimethyl ether. A cured coating film from the above liquid had a refractive index of 1 .591 . 

10 Example 2-28 

A primer liquid 28 (NCO:OH = 1:1, nonvolatile content 20 %) was obtained in the same manner as In Example 2- 
15 except that there were used 99 g of FIREGUARD FG-3600, 144 g of Uquid C and 752 g of diethylene glycol dimethyl 
ether. A cured coating film from the above liquid had a refractive index of 1,598. 

15 

Exanple 2-29 

A primer liquid 29 (NCO:OH = 3:2, nonvolatile content 10 %) was curtained In the same manner as in Example 2- 
15 except that there were used 41 g of FIREGUARD FG-3600. 84 g of Uquid C and 870 g of diethylene glycol dimethyl 
20 ether. A cured coating film from the above liquid had a refractive index of 1 .594. 

Example 2-30 

A primer liquid 30 (NCO:OH = 1:1 . nonvolatile content 20 %) was obtained in the same manner as in Example 2- 
25 15 except that there were used 43 g of EC-20. 43 g of FIREGUARD FG-3600. 21 g of YG-510. 132 g off Uquid C and 
756 g of diethylene glycol dimethyl ether. A cured coating film from the above liquid had a refractive index of 1 .582. 

Exanple 2-31 

30 81 Gramsof PRATHERMEC-14. 121 g of YG-510 and 98 g of xylylenediisocyanate (NCOrOH = 2:1) were allowed 
to react in a cyclohexanone solvent. Further, unreacted isocyanate groups were blocked with butanoneoxime in the 
same manner as in Example 1 -1. Then, the resultant solution was diluted with cyclohexanone so as to have a nonvol- 
atile content of 25 %. and 1 ,000 g of the solution was weighed out Then, 1 0 g of SCAT-2L and 0.5 g of FC-430 were 
added to the solution to give a primer liquid 31 . A cured coating film from this liquid had a refractive index of 1 .560. 

35 

Example 2-32 

A primer liquid 32 was obtained in the same manner as in Example 2-31 except that there were used 97 g of 
PRATHERM EC-14, 145 g of YG-240 and 58 g of xylylene dlisocyanate (NCOzOH = 5:2) and that the nonvolatile con- 
40 tent was adjusted to 30 %. A cured coating film from the above liquid had a refractive index of 1 .551 . 

Exanple 2-33 

A primer liquid 33 was obtained in the same manner as in Example 2-31 except that there were used 113 g of 
45 PRATHERM EC-14, 1 1 3 g of YG-510 and 75 g of xylylene diisocyanate {NCO:OH = 3:2) and that the nonvolatile con- 
tent was adjusted to 30 %. A cured coating film from this liquid had a refractive index of 1 .555. 

Example 2-34 

so A primer liquid 34 was obtained in the same manner as in Example 2-31 except that there were used 212 g of 
PRATHERM EC-14. 53 g of YG-510 and 88 g of xylylene diisocyanate (NCO:OH = 2:1) and that the nonvolatile content 
was adjusted to 33 %. A cured coating film from the above liquid had a refractive index of 1 .600. 

Example 2-35 

55 

A primer liquid 35 was obtained in the same manner as in Example 2-31 except that there were used 228 g of 
PRATHERM EC-14. 57 g of YG-240 and 65 g of xylylenediisocyanate (NCO:OH = 2:1). A cured coating film from the 
above liquid had a refractive index of 1 .602. 



13 

BNSDOCID: <EP_079ie36A1_l_> 



EP0 791 636 A1 



Example 2-36 

A primer liquid 36 was obtained in the same manner as in Example 2-31 except that there were used 193 g of 
PRATHERM EC-14, 48 g of YG-240 and 82 g of xylylene diisbcyanate (NCO:OH = 3:1). A cured coating film from the 
above liquid had a refractive index of 1 .599. 

Example 2-37 

A primer liquid 37 was obtained in the same manner as in Example 2-31 except that there were used 154 g of 
PRATHERM EC-14, 66 g of YQ-510 and 80 g of xylylene diisocyanate (NCO:OH = 3:1). A cured coating film from the 
above liquid had a refractive index of 1.590. 

Exanrple 2-38 

A primer liquid 38 was obtained in the same manner as in Example 2-3 1 except that there were used 1 57 g of Fi RE- 
GUARD FQ-3600. 39 g of YQ-510 and 104 g of xylylene diisocyanate (NCOrOH = 2:1). A cured coating film from the 
above liquia had a refractive index of 1.592. 

Example 2-39 

A primer liquid 39 was obtained In the same manner as in Example 2-31 except that there were used 1 72 g of Fl RE- 
GUARD FG-3600, 43 g of YG-510 and 86 g of xylylene diisocyanate (NCOiOH = 3:2). A cured coating film from the 
above liquid had a refractive index of 1 .590. 

Example 2-40 

A primer liquid 40 was obtained in the same manner as in Example 2-3 1 except that there were used 1 45 g of Fl RE- 
GUARD FG-3600. 36 g of YG-240 and 1 19 g of xylylene diisocyanate (NCO:OH = 3:1). A cured coating film from the 
above liquid had a refractive index of 1 .589. 

Example 2-41 

189 Grams of FIREGUARD FG-3600. 47 g of YG-510 and 63 g of xylylene diisocyanate (NCO:OH = 1:1) were 
allowed to react in a cyclohexanone solvent. Then, the resultant solution was diluted with cyclohexanone so as to have 
a nonvolatile content of 20 %. and 1 ,000 g of the solution was weighed out Then, 0.5 g of FC-430 were added to the 
solution to give a primer liquid 41 . A cured coating fUm from this liquid had a refractive index of 1 .592. 

Example 2-42 

A primer liquid 42 was obtained in the same manner as in Example 2-31 except that there were used 84 g of EC- 
14, 84 g of FIREGUARD FQ-3600. 42 g of YQ-510 and 90 g of xylylene diisocyanate (NCO:OH = 2:1). A cured coating 
film from the above liquid had a refractive index of 1 .590. 

Example 2-43 

281 Grams of PRATHERM EC-14, 69 g of xylylene diisocyanate (NCO:OH = 2:1) were allowed to react in a 
cyclohexanone solvent. Further, unreacted isocyanate groups were blocked with butanoneoxime In the same manner 
as in Exanrple 1 -1 . The resultant solution was used as Liquid F. Then, 403 g of Liquid F and 59 g of YG-51 0 were mixed 
with 523 g of cyclohexanone. Then, 10 g of SCAT-2L and 0,5 g of FC-430 were added, and the mixture was stin^ed to 
give a primer liquid 43. A cured coating film from this liquid had a refractive index of 1 .591 . 

Example 2-44 

A primer liquid 44 was obtained in the same manner as in Example 2-43 except that 508 g of Liquid F and 22 g of 
YG-510 were mixed with 455 g of cyclohexanone. A cured coating film from this liquid had a refractive index of 1 .594. 

Example 2-45 

A primer liquid 45 was obtained in the same manner as in Example 2-43 except that 490 g of Liquid F and 29 g of 
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YG-240 were mixed with 469 g of cyclohexanone. A cured coating film from this liquid had a refractive index of 1 .593. 
Example 2-46 

5 220 Grams of PRATHERM EC-14 and 80 g of xylylene diisocyanate (NCOrOH = 3:1) were allowed to react in a 

diethylene glycol dimethyl ether solvent. Further, unreacted isocyanate groups were blocked with butanoneoxime in the 
same manner as in Example 1-1. The resultant solution was used as Liquid G. Then, a primer liquid 46 was obtained 
in the same manner as in Example 2-43 except that 583 g of Uquid G and 25 g of YG-510 were mixed with 392 g of 
diethylene glycol dimethyl ether. A cured coating film from this liquid had a refractive index of 1 .590. 

10 

Example 2-47 

A primer Iquid 47 was obtained In the same manner as in Example 2-43 except that 220 g of Liquid G and 25 g of 
YG-240 were mixed with 392 g of diethylene glycol dimethyl ether. A cured coaling film from this liquid had a refractive 
15 index of 1 .590. 

Example 2-48 

199 Grams of FIREGUARD FG-3600 and 101 g of xylylene diisocyanate (NCOrOH = 2:1) were allowed to react in 
20 a propylene glycol methyl ether acetate solvent. Further, unreacted isocyanate groups were blocked with butanoneox- 
ime in the same manner as in Example 1-1 . The resultant solution was used as Uquid H. Then, a primer liquid 48 was 
obtained in the same manner as in Example 2-43 except that 567 g of Uquid H and 30 g of YG-510 were mixed with 
393 g of propylene glycol methyl ether acetate. A cured coating film from this liquid had a refractive index of 1 .589. 

25 Example 2-49 

21 7 Grams of FIREGUARD FG-3600 and 83 g of xylylene diisocyanate (NCO:OH = 3:2) were allowed to read in a 
diethylene glycol dimethyl ether solvent. Further, unreacted isocyanate groups were blocked with butanoneoxime in the 
same manner as in Example 1-1 . The resultant solution was used as Uquid L Then, a primer liquid 49 was obtained in 
30 the same manner as in Example 2-43 except that 600 g of Liquid land 20 g of YG-240 were mixed with 370 g of dieth- 
ylene glycol dimethyl ether. A cured coating film from this liquid had a refractive index of 1 .591 . 

Example 2-50 

35 240 Grams of FIREGUARD FG-3600 and 60 g of xylylene diisocyanate (NCO:HO = 1:1) were allowed to react in a 
cyclohexanone solvent. Then, the resultant reaction mixture was diluted with cyclohexanone so as to have a nonvolatile 
content of 20 %. Then, 1 ,000 g of the diluted solution was weighed out, and 0.5 g of FC-430 was added to the diluted 
solution to give a primer liquid 50. A cured coating film from this liquid had a refractive index of 1 .608. 

40 Example 2-51 

The same solution as that obtained in Example 2-5 was diluted with propylene glycol methyl ether so as to have a 
nonvolatile content of 15 %, and 1,000 g of the diluted solution was weighed out. Then, 100 g of a composite metal 
oxide sol comprising Ti02-Fe203-Si02 (solid content 30 %, methanol dispersion sol, trade name OPTOLAKE 1130F- 
45 2(A-8). supplied by Catalysts & Chemicals Industries Co., Ltd.) was added to the solution to give a primer liquid 51 . A 
cured coating film from this liquid had a refractive index of 1 .640. 

Example 2-52 

so The same solution as that obtained in Example 2-23 was diluted with diethylene glycol dimethyl ether so as to have 
a nonvolatile content of 15 %. and 1.000 g of the diluted solution was weighed out. Then. 110 g of a composite metal 
oxide sol comprising TiOg-FesOa-SiOa (solid content 30 %. methanol dispersion sol, trade name OPTOLAKE 1130F- 
2(A-8). supplied by Catalysts & Chemicals Industries Co., Ltd.) was added to the diluted solution to give a primer liquid 
52. A cured coating film from this liquid had a refractive index of 1 .641 . 

55 

Example 2-53 

The same solution as that obtained in Example 2-34 was diluted with cyclohexanone so as to have a nonvolatile 
content of 15 %, and 1,000 g of the diluted solution was weighed out. Then. 90 g of a composite metal oxide sol com- 
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prising ■n02-Fe203-SI02 (solid content 30 %, methanol dispersion sol. trade name OPTOLAKE 1 130F-2(A-8), supplied 
by Catalysts & Chemicals Industries Co.. Ltd.) was added to the diluted solution to give a primer liquid 53, A cured coat- 
ing film from this liquid had a refractive index of 1 .640. 

5 Example 2-54 

The same solution as that obtained in Example 2-38 was diluted with cyclohexanone so as to have a nonvolatile 
content of 15 %, and 1 ,000 g of the diluted solution was weighed out Then, 100 g of a composite metal oxide sol com- 
prising Ti02-Fe203-Si02 (solid content 30 %, methanol dispersion sol, trade name OPTOLAKE 1 130F-2(A-8), supplied 
10 by Catalysts & Chemicals Industries Co.. Ltd.) was added to the diluted solution to give a primer liquid 54. A cured coat- 
ing film from this liquid had a refractive index of 1 .642. 

Example 2-55 

15 The same solution as that obtained in Example 2-41 was diluted with cyclohexanone so as to have a nonvolatile 
content of 15 %. and 1 .000 g of the diluted solution was weighed out Then. 100 g of a composite metal oxide sol com- 
prising Ti02-Fe203-Si02 (solid content 30 %, methanol dispersion sol, trade name OPTOLAKE 1 130F-2(A-8). supplied 
by Catalysts & Chemicals Industries Co., Ltd.) was added to the diluted solution to give a primer liquid 55. A cured coat- 
ing f Dm from this liquid had a refractive index of 1 .645. 

so 

Example 2-56 

The same solution as that obtained in Example 2-50 was diluted with cyclohexanone so as to have a nonvolatile 
content of 15 %, and 1 ,000 g of the diluted solution was weighed out Then, 70 g of a composite metal oxide sol com- 
25 prising TiO2-Fe203-SiO2 (solid content 30 %. methanol dispersion sol, trade name OPTOLAKE 1 1 30F-2(A-8). supplied 
by Catalysts & Chemicals Industries Co.. Ltd.) was added to the diluted solution to give a primer liquid 56. A cured coat- 
ing fOm from this liquid had a refractive index of 1.643. 

Preparation of hard coating 

30 

Example 3-1 

210 Grams of OPTOLAKE 1 130F-2(A-8) was weighed out and placed in a flask, and 150 g of distilled water was 
added thereto with stirring -Then, 278 g of y-glyeidoxypropyltrimethaxysiiane was gradually added, and after the com- 
35 pletion of the addition, the mixture was further stirred for 2 hours. 

Thereafter, while the mixture was stinted. 316 g of isopropyl alcohol was added, and then 40 g of polyethylene gly- 
col monomethacryfic acid ester (trade name PE200, supplied by Nippon Oil & Fats Co., Ltd.) was added. Further, 6 g 
of acetylacetone aluminum as a curing catalyst and 0.4 g of a silicone surfactant (trade name L-7001 . supplied by Nip- 
pon Unicar Company Limited) as a flow controlling agent were added, and the mixture was stirred for 1 hour. The mix- 
40 ture was aged at room temperature for 48 hours to give a hard coating liquid 1 . A cured coating film from this liquid had 
a refractive Index of 1.545. 

Example 3-2 

45 A hard coating liquid 2 was obtained in the same manner as in Example 3-1 except that there were used 330 g of 
OPTOLAKE 1 130F-2(A-8). 182 g of y-glycidoxypropyltrimethQxysilane, 65 g of methyltrimethoxysilane and 227 g of iso- 
propyl alcohol. A cured coating film from this liquid had a refractive index of 1 .588. 

Example 3-3 

so 

A hard coating liquid 3 was obtained in the same manner as in Example 3-1 except tiiat there were used 433 g of 
OPTOLAKE 1 130F-2(A-8). 1 84 g of y-glycidoxypropyftrimethoxysilane. 216 g of isopropyl alcohol. A cured coating film 
from this liquid had a refractive index of 1 ,640. 

55 Comparative Example 1 

A primer liquid 57 (NCOrOH = 2:3, nonvolatile content 20 %) was obtained in the same manner as in Example 2- 
15 except tiiat tiiere were used 120 g of PRATHERM EC-20, 30 g of YG-510. 69 g of Uquid C and 766 g of diethylene 
glycol dimetiiyl ether. A cured coating film from this liquid had a refractive index of 1 .596. 
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Comparative Example 2 

A primer liquid 58 (NCO:OH = 2:1 . nonvolatile content 20 %) was oiDtained in the same manner as in Example 2- 
15 except that there were used 69 g of PRATHERM EC-20. 1 7 g of YG-510. 159 g of Uquld C and 740 g of diethylene 
5 glycol dimethyl ether. A cured coating film from this liquid had a refractive index of 1 .585. 

Comparative Example 3 

A primer liquid 59 (NCO:OH = 1:1, nonvolatile content 20 %) was obtained in the same manner as in Example 2- 
10 15 except that there were used 120 g of PRATHERM EC-20. 1 15 g of Uquid C and 753 g of diethylene glycol dimethyl 
ether. A cured coating film from this liquid had a refractive index of 1 .597. 

Comparative Example 4 

IS A primer liquid 60 (NCO:OH = 1 :1 . nonvolatile content 40 %) was obtained in the same manner as in Example 2- 
15 except that there were used 194 g of PRATHERM EC-20, 48 g of YG-510. 226 g of Uquid 0 and 527 g of diethylene 
glycol dimethyl ether. A cured coating film from this liquid had a refractive index of 1 .593. 

Conparative Example 5 

20 

A primer liquid 61 (NCO:OH =1:1, nonvolatile content 5 %) was obtained in the same manner as in Example 2-15 
except that there were used 25 g of FIREGUARD FG-3600, 36 g of Uquid C and 930 g of diethylene glycol dimethyl 
ether. A cured coating fflmfrom this liquid had a refractive index of 1 .598. 

25 Comparative Example 6 

A primer liquid 62 was obtained in the same manner as in Example 2-31 except that there were used 250 g of 
PRATHERM EC-14. 62 g of YQ-510 and 38 g of xylylene diisocyanate (NCO:OH = 2:3). A cured coating film from this 
liquid had a refractive index of 1 .590. 

30 

Comparative Example 7 

An attempt was made to react 241 g of PRATHERM EC-14. 60 g of YG-510 and 49 g of xylylene diisocyanate 
(NCOiOH = 1 :1) for forming a polymer. However, the mixture undenwent gelaticHi. 

35 

Comparative Exanrple 8 

1 00 Grans of D-1 81 N, 1 08 g of NIPPOLAN 983 and 2 g of zinc octylate as a curing catalyst were dissolved in 650 
g of ethyl acetate, and the mixture was fully stirred until a homogeneous state was obtained. 1 Gram of a f luorinesjon- 
40 taining surfactant (trade name FLUORAD FC431 , supplied by 3M Co., Ltd.) as a ftow controfling agent was added, and 
the mixture was stirred thereby to give a homogeneous mixture solution. This solution was used as a primer liquid 63. 
A cured coating film from this liquid had a refractive index of 1 .505. 

Comparative Example 9 

45 

100 Grams of a polylsocyanate (trade name CORONATE 2507, supplied by Nippon Polyurethane Industry Co.. 
Ltd.) was dissolved In 300 g of methanol and 300 g of methyl ethyl ketone. Then, when 110 g of pentaerythritol tet- 
rakis(3-mercaptopropionic acid) was added thereto, a white precipitate was formed and no homogeneous solution was 
obtained. 

50 

Comparative Example 10 

90 Grams of D1 ION and 50 g of NIPPOLAN 983 were dissolved in 50 g of ethyl acetate and 200 g of methyl ethyl 
ketone, and the mixture was stin-ed. Then, when 40 g of pentaerythritol tetrakis(3-mercaptopropionic acid) was added 
55 thereto, a white precipitate was formed and no homogeneous solution was obtained. 

Comparative Example 1 1 

72 Grams of DESMOPHEN 670-80B and 59.3 g of CORONATE 2507 were dissolved in 359 g of cellosolve acetate 
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and 359 g of methanol. To the mixture was added 1 50 g of OPTOLAKE 1 1 30F-2(A-8) and further. 1 g of dibutyltin dilau- 
rate as a curing catalyst was added. The mixture was stirred to give a homogeneous solution. This solution was used 
as a primer liquid 64. A cured coating film from this liquid had a refractive Index of 1 .588. 

5 Comparative Example 12 

200 Grams of OPTOLAKE 1 130F-2(A-8) was added to 1 ,000 g of an aqueous emulsion polyurethane (trade name 
SUPERFLEX 150, supplied by Dai-ichi Kogyo Seiyaku Co., Ltd.), and a hydrolyzate prepared by hydrolyzing 80 parts 
of y-glycidoxypropyttrimethoxysilane with 50 parts of distilled water was mixed. The mixture was stirred to give a homog- 
10 enous mixture solution. This solution was used as a primer liquid 65. A cured coating film from this liquid had a refrac- 
tive index of 1.586. 

Preparation of coated lens 

75 Exarrple 4 

The primer liquids i to 65 were applied to various lens substrates and cured, and then the hard coating liquids 
obtained in Example 3 were applied thereto and cured. Further, each of the hard coating liquids 1 to 3 atone was also 
applied and cured. Tables 1 to 3 show the evaluations of performances of the obtained lenses. 

20 
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55 The following lens substrates were used as the above substrate. The nfiethod of application of the primer liquids and 
the method of application of the hard coating liquids were as described below. 
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Lens substrates: 

A: Plastic lens which had a refractive index of 1 .594 and was formed of a urethane resin (a product obtained by 
curing under heat improved MR-6, a monomer supplied by Mitsui Totatsu Chemicals, Inc.) 
5 B: Plastic lens which had a refractive index of 1 .59 and was formed of a methacrylate polymer (a product obtained 

by curing under heat TS-26. a monomer supplied by Tokuyama Corporation.) 

C: Plastic lens which had a refractive index of 1.59 and was formed of a polymer obtained by a urethane reaction 
and radical polymerization in combination (a product obtained by curing under heat ML-3. a monomer supplied by 
Mitsubishi Gas Chemical Co., Inc.) 
10 D: Plastic lens which had a refractive index of 1.60 and contained a triazine ring as a main component (K-25 sup- 
plied by Kureha Rentec Co.. Ltd.) 

E: Plastic lens which had a refractive index of 1 .56 and contained diallyf isophthalate as a main component 
F: Plastic lens which had a refractive index of 1 .55 and contained a triazine ring as a main component (K-23 sup- 
plied by Kureha Rentec Co., Ltd.) 
15 G: Plastic lens which had a refractive index of 1,56 and was formed from a fumaric acid derivative (a product 
obtained by curing under heat NK-55, a monomer supplied by Nippon Oil & Fats Co., Ltd.) 
H: Plastic lens which had a refractive index of 1 .66 and was formed of a urethane resin (a product obtained by cur- 
ing under heat MR-7, a monomer supplied by Mitsui Totatsu Chemicals, Inc.) 

20 Method of application of primer: 

(1) Dipping in each coating liquid was can-ied out at a draw-up rate of 10 cm/minute. 

(2) Primer liquid was dried at room temperature for about 10 minutes, and then cured under heat at 120°C for 30 
minutes. 

Method of application of hard coating liquid: 

(1) Dipping in each coating liquid was carried out at a draw-up rate of 15 cm/minute. 

(2) Hard coating liquid was dried at room temperature for about 5 minutes, and then cured under heat at 120°C for 
30 1 hour. 

Further, each evaluation test was carried out as follows. 

Adhesion: 

35 

Evaluated by a cross hatching test (according to a cross-cut adhesion test. JISK5400). 
Steel wool test (SW hardness): 

40 Rubbing with a steel wool #0000 was carried out under a load of 1 kg. and scratch conditions were relatively com- 
pared on the basis of the following ratings. 

5: Had no scratch 
4: Slightly scratched 
45 3: Scratched 

2: Intensely scratched 

1 : Scratched deep to a substrate 

Dyeability: 

so 

BPI GRAY supplied by Brain Power Inc. (USA) was diluted to 9 % with distilled water, and the resultant aqueous 
solution was heated to 90'*C. A lens coated with each of coating liquids was immersed in the aqueous solution for 5 min- 
utes, then taken out and washed with water The dyed lens was measured for a total light transmittance to compare dye- 
ability. 

55 

Measurement of film thickness: 

Each of coating liquids was applied to a glass plate and cured, and the resultant coating was partly razed off to 
determine a film thickness on the basis of a height difference. 
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Example 5 

An anti-reflection film formed of four layers of ZrOa, SiOg, ZrOg and SiOa was formed on each of the plastic lens 
substrates prepared in Example 4 by the vacuum vapor deposition method in the order of ZrOa. SiOa. ZrOa and SiOa 
5 from the hard coating side. The optical film thickness of each layer of the formed anti -reflection film was approximately 
xyi2. X/12, XI2 and X/4 in the above order. X is the 520 nm wavelength of light. Tables 4 to 6 show the results of evalu- 
ations of the obtained lenses. 
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Results of evaluations of lenses with anti-reflection films 


No. in Table 1 


Initial 


After weatherbility t 


est 




Appearance 


Adhesion (%) 


SW hardness 


Appearance 


Adhesion (%) 


Impact resist- 
ance (J) 


1 


Excellent 


100 


5 


Excellent 


,100 


0.48 


2 


Excellent 


100 


5 


Excellent 


100 


0.39 


3 


Excellent 


100 


5 


Excellent 


100 


1.91 


4 


Excellent 


100 


5 


Excellent 


100 


1.95 


5 


Excellent 


100 


5 


Excellent 


100 


1.80 


6 


Excellent 


100 


5 


Excellent 


100 


0.49 


7 


Excellent 


100 


5 


Excellent 


100 


0.60 


8 


Excellent 


100 


5 


Excellent 


100 


0.47 


9 


Excellent 


100 


5 


Excellent 


100 


0.46 


10 


Excellent 


100 


5 


Excellent 


100 


0.58 


11 


Excellent 


100 


5 


Excellent 


100 


U.4o 


12 


Excellent 


100 


5 


Excellent 


100 


l.OO 


13 


Excellent 


100 


5 


Excellent 


100 


1 .DO 


14 


Excellertt 


100 


5 


Excellent 


100 


I .UU 


15 




100 


5 


Excellent 


100 




1 o 


Excellent 


100 


5 


Excellent 


100 


0.48 


17 


Excellent 


100 


5 


Excellent 


100 


0.50 


18 


Excellent 


100 


5 


Excellent 


100 


0.47 


19 


Excellent 


100 


5 


Excellent 


100 


0.49 


20 


Excellent 


100 


5 


Excellent 


100 


0.45 


21 


Excellent 


100 


5 


Excellent 


100 


0.48 


22 


Excellent 


100 


5 


Excellent 


100 


0.70 


23 


Excellent 


100 


5 


Excellent 


100 


1.84 


24 


Excellent 


100 


5 


Excellent 


100 


1.01 


25 


Excellent 


100 


5 


Excellertt 


100 


0.85 


26 


Excellent 


100 


5 


Excellent 


100 


1.50 


27 


Excellent 


100 


5 


Excellent 


100 


1.79 


28 


Excellent 


100 


5 


Excellent 


100 


1.75 
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Tables 





No. in Table 1 


Initial 


After weatherbility test 


5 




Appearance 


Adhesion (%) 


SW hardness 


Appearance 


Adhe^on (%) 


Imoact resist- 
ance (J) 




29 


Excellent 


100 


5 


Excellent 


100 


1.56 


10 


30 


Excellent 


100 


5 


Excellent 


100 


0.89 


31 


Excellent 


100 


5 


Excellent 


100 


0.79 




32 


Excellent 


100 


5 


Excellent 


100 


0.51 




33 


Excellent 


100 
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Excellent 


100 


0.69 


IS 


34 


Excellent 


100 
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Excellent 


100 


2.45 




35 


Excellent 


100: 


5 


Exceitent 


100 


1.86 




36 


Excellent 


100 


5 


Excellent 


100 


1.72 


20 


37 


Excellent 


100 


5 


Excellent 


100 


1.70 


38 


Excellent 


100 


5 


Excellent 


100 


1.81 




39 


Excellent 


100 


5 


Excellent 


100 


1.72 




40 


Excellent 


100 


5 


Excellent 


100 


1.72 


25 


41 


Excellent 


100 


5 


Excellent 


100 


1.92 




42 


Excellent 


100 


5 


Excellent 


100 


1.80 




43 


Excellent 


100 


5 


Excellent 


100 


1.75 


30 


44 


Excellent 


100 
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Excellent 


100 


1.02 




45 


Excellent 


100 
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Excellent 


100 


0.80 




46 


Excellent 


100 


5 


Excellent 


100 


1.50 




47 


Excellent 


100 


5 


Excellent 


100 


0.33 


35 


48 


Excellent 


100 


5 


Excellent 


100 


1.68 




49 


Excellent 


100 


5 


Excellent 


100 


1.77 




50 


Excellent 


100 


5 


Excellent 


100 


1.75 


40 


51 


Excellent 


100 


5 


Excellent 


100 


1.64 




^ 


Excellent 


100 


5 


Excellent 


100 


1.60 




53 


Excellent 


100 


5 


Excellent 


100 


1.65 




54 


Excellent 


100 


5 


Excellent 


100 


1.71 


45 


55 


Excellent 


100 


5 


Excellent 


100 


1.69 




56 


Excellent 


100 


5 


Excellent 


100 


1.70 
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Tables 



No. in Table 1 



Initial 



After weatherbility test 



Appearance Adhesion (%} SW hardness 



Appearance 



Adhesion (%) 



Impact resist- 
ance (J) 



58 

61 
64 
65 



Slightly whit- 
ened 

Excellent 

Excellent 

Excellent 

Excellent 



100 

100 
100 
100 
100 



5 
5 
5 
5 



Slightly whit- 
ened 

Excellent 

Excellent 

Excellent 

Excellent 



100 

100 
100 
100 
100 



0.69 

0.21 
0.10 
0.18 
0.17 
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Each evaluation test was carried out as follows. 



20 Impact resistance: 

According to ANSI Z80. 1 . a steel ball having a weight of 16.32 g was allowed to collide with the convex surface of 
a lens to can^ out a breaking test. An impact resistance was expressed by an intermediate value between an energy 
amount in which the lens undenwent breaking or cracking and an energy amount in which any change was not observed 
25 in the lens. The tested lens substrates were plastic lenses having a central thickness of 1 .0 to 1 .3 mm and having minus 
degrees 



Weatherability: 

Lenses were irradiated with a xenon weather-o-meter for 240 hours, and the resulting lenses were evaluated for 
appearance and adhesion. 



Effects of the Invention 

35 According to the present invention, there is provided a primer composition which gives a cured film having a high 
refractive index and having impact resistance. By using the primer composition of the present invention, there can be 
provided a plastic lens having a high refractive index, which has an anti-reflection film and yet has impact resistance 
and moreover, is free of interference fringes. 

40 Claims 

1. A primer composition comprising, as main coating film-forming components, at least one bromine conrpound 
selected from the group consistirig of a compound of the following general formula (A), 



45 
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55 wherein R is 
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-CH2j:HCH20— ^>-Br -CH2qH9H2 



10 



and n is a number of 1 to 10. 
and a compound of the following genera! formula (B), 



15 
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HO- (X) 




Br CH3 Br 



wherein X is -CH2CH2O- or 



25 



-CH2CHO- , 

I 

CH3 



30 and each of p and 

q is independently a number of 1 to 3, 
and a polyisocyanate or a prepolymer obtained by reacting the above components. 



2. The primer composition of claim 1 , which contains, in addition to the above bromine compound, 0.01 to 3 parts by 
35 weight, based on 1 part by weight of the above bromine compound, of at least one polyol selected from the group 

consisting of a polyester polyol. a polyether polyol. an acryl polyol and a polycarbonate polyol. 

3. The primer composition of claim 1 , wherein the polyester polyol is formed from a polybasic acid and a hydroxy com- 
pound, the polybasic acid being at least one organic carboxylic acid selected from the group consisting of phthallc 

40 acid, isophthalic acid, hydrogenated phthalic acid, adipic acid, linolenic acid dimer and maieic acid, the hydroxy 
compound being at least one compound selected from the group consisting of ethylene glycol, propylene glycol, 
butylene glycol, hexylene glycol, diethylene glycol, trimethylolpropane, hexantriol, glycerin, trimethyolethane and 
pentaerythritol. 



45 4. The primer composition of claim 1 , wherein the polyisocyanate is prepared by blocking a cyclic trimer of hexame- 
thylene diisoc^nate with p-diketone and the primer composition is a one-pack type composition. 

5. The primer composition of claim 1 . wherein the polyisocyanate is a monomer, a modified product, an adduct or a 
prepolymer of a polyisocyanate having an aromatic ring. 

50 

6. The primer conrposition of claim 5, wherein the polyisocyanate having an aromatic ring is xylylene diisocyanate or 
tetramethylxylylene diisocyanate. 

7. The primer composition of daim 1 , wherein the polyisocyanate has isocyanate groups blocked with a compound 
55 selected from the group consisting of p-diketone. diethyl malonate. dimethyl maionate. acetoxime and butanoneox- 

ime. 

8. The primer composition of claim 1 or 2, which further contains a curing catalyst. 
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9. The primer corrposition of daim 1. which contains a prepolymer from the polyisocyanate and the bromine com- 
pound, in which an equivalent amount ratio (NCO/OH) of Isocyanate groups (NCO) of the polyisocyanate and 
hydroxy! groups (OH) of the bromine compound is 1 to 5. 

5 10. The primer composition of claim 2. wherein an equivalent amount ratio (NCO/OH) of polyisocyanate groups and 
the total hydroxy! groups of the bromine compound and the polyol is 1 to 5. 

11. The primer composition of claim 1 or 2, which contains, as a solvent, at least one compound selected from the 
group consisting of a compound formed by converting one terminal OH group of ethylene glycol, diethylene glycol 
10 or propy!e!e glycol to a methoxy, ethoxy or propoxy group and converting the other terminal OH group to an acety- 
loxy group, a compound formed by converting each of terminal OH groups of the above glycol to a methoxy, ethoxy 
or propoxy group, and a compound formed by optionally replacing a hydrogen atom of an alicyclic ketone with an 
alky! group. 

IS 12. The primer composition of claim 1 or 2, which further contains a sol comprising metal oxide fine particles. 

13. A plastic lens comprising a plastic substrate having a refractive index of at least 1.50, a cured coadng film from the 
primer composition of claim 1 or 2 and a hard coating having a high refractive index in this order. 

20 14. The plastic lens of claim 13, wherein the hard coating conprises a mixture containing, as main components, the 
following three Components A, B and C: 

A. a sol obtained by dispersing fine particles which are fine particles of at least one specific oxide selected from 
the group consisting of iron oxide, titanium oxide, cerium oxide, zirconium oxide, antimony oxide, zinc oxide 

25 and tin oxide, a mixture of these or a composite oxide of these and which have an average particle diameter in 

the range of from 1 to 100 nm, in water or other solvent. 

B. an epoxy-group-containing silicon compound of the following formula, or its partial hydrolyzate. 

R^R2^Si(OR3)3.a 

30 

wherein R-j is an epoxy-group-containing group having 2 to 12 Carbon atoms, R2 is an alkyi group having 
1 to 6 carbon atoms, an aryl group, an alkenyl group, a halogenated alkyI group or a halogenated aryl group. 
R^ is a hydrogen atom, an alkyI group having 1 to 4 carbon atoms or an acyl group, and a is 0, 1 or 2. and 
C: a compound which contains only one OH group or SH group in the molecule and further contains at least 
35 one group of -0-, -C(=0)-0-, -S(=0)-, -C(=0)-S- or -C(=sS)-S- and further has at least one unsaturated group 

in the molecule main chain, and which is soluble in water or a lower alcohol having 1 to 4 carbon atoms. 

15. The plastic lens of claim 13, which further has an anti-reflection film on the hard coating. 
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